There is a renewed interest in recent years on the ecological processes (stochastic vs selective) driving the assembly of microbial communities. Such information could potentially improve our understanding on ecosystem functioning and resilience to disturbances, ecosystem response to environmental shifts, and adoption of sustainable soil management practices. Herein, employing a suite of existing methodologies, we show that stochastic processes have an important role on the assembly of soil bacterial communities at a Mediterranean watershed. Moreover, we document that the relative contribution of assembly processes varies over the years. The observed intensification of stochastic processes was accompanied by a decrease in the contribution of variable selection in favor of homogeneous selection and dispersal and this trend was only marginally affected by land use (natural vs agricultural lands) or soil depth. Our study also revealed a high interannual turnover of soil microbial communities that was likely stimulated by the weak environmental selection and the prevailing environmental conditions (drying-wetting cycles) in Mediterranean landscapes, implying potential impacts on ecosystem functioning and our ability to predict soil response to environmental shifts. Using nitrogen mineralization rate (NMR) as a representative function we document highly variable NMR over the sampling years, land uses and soil depths and lack of significant associations with the monitored environmental variables and individual taxa. In summary, our study provides novel insights on the organization and functioning of microbial communities at Mediterranean ecosystems and sets directions towards a more advanced understanding of the relationships among environmental factors, microbial community structure, and ecosystem functioning that could contribute to sustainable management of these severely degraded ecosystems.
Introduction
The structure of microbial communities has a critical role on the functioning of terrestrial ecosystems and the derived ecosystem services. Despite the accumulating knowledge in recent years on the mechanisms and factors that shape microbial communities, critical questions remain yet poorly addressed. A central issue regards the nature of the ecological processes (selective or stochastic) driving the assembly of microbial communities and whether shifts in the balance of assembly processes affect ecosystem functioning (Hanson et al 2012 , Nemergut et al 2013 , Zhou and Ning 2017 . Such shifts might exert strong impacts on the response and resilience of ecosystems to disturbances imposed by anthropogenic activities (land use changes), physical factors (wildfires, wetting/drying cycles, droughts) or their combination (Guiot and Cramer 2016, Kefi et al 2007) , but pertinent information remains yet scarce.
Several studies have revealed distinct geographical patterns of soil microbial communities that are typically attributed to variations in environmental factors (e.g., pH, organic matter), based on correlations or statistical modelling of the distribution of microbial taxa (Bru et al 2011 , King et al 2010 , Tsiknia et al 2014 . Such relationships or models, however, do not necessarily represent cause-effect relationships since they account for only one of the possible aspects that could generate biogeographical patterns. It has been well accepted that geographical patterns of microorganisms are driven by both selective (e.g., environmental filtering, microbe-microbe interactions) and stochastic (dispersal, ecological drift, diversification) processes (Bahram et al 2016 , Hanson et al 2012 , Hao et al 2016 , Lee et al 2017 , Morrison-Whittle and Goddard 2015 . Stochasticity is an inherent property of microbial communities assembled by neutral processes (Vellend et al 2014) according to the neutral theory (Hubbell (2001) . The importance of neutral and selective processes in the assembly of microbial communities varies across and within ecosystems, depending on the succession stage, environmental conditions, or the disturbance type and severity (Dini-Andreote et al 2015 , Ferrenberg et al 2013 , Langenheder and Szekely 2011 , Lee et al 2017 , Ofiţeru et al 2010 . Until recently, we lacked a methodological framework to quantify the contribution of assembly processes and their individual components constraining efforts to interpret these findings with environmental parameters or process rates.
Compared to aquatic or engineered ecosystems (Gilbert et al 2012) , most studies on terrestrial ecosystems report on snapshots of microbial community structure and, hence, their ability to provide reliable insights in longer timescales for the evolution of microbial communities and shifts in the importance of assembly processes remains questionable.
Information on temporal dynamics of microbial communities can provide useful insights on variation sources, stability/resilience of microbial community to disturbances, and the interactions between taxa (Faust et al 2015) and could help to discern the impact of assembly processes on ecosystem functioning (Graham et al 2016 , Stegen et al 2016 .
To date, the processes shaping the assembly of soil microbial communities in Mediterranean landscapes remain poorly described. The distinct climatic conditions in Mediterranean ecosystems (e.g., drying/wetting cycles) and their high inter-annual variations might affect the relative contribution of assembly processes through their impacts on the individual mechanisms (selection, drift, dispersal, diversification) . Earlier work at Koiliaris critical zone observatory (CZO) has revealed that microbial taxa, at the phylum level, are highly dispersed and environmental factors could account for a small proportion of the observed variance (Tsiknia et al 2014) . This finding is indicative of a potentially important role of neutral processes in the assembly of soil microbial communities in this Mediterranean ecosystem. In addition, in absence of major disturbance events (land use changes, drought) in recent years, we hypothesize that soil microbial community have reached a stable state (Fukami 2015) with slight variation over the years.
To shed light on the processes regulating the assembly of microbial communities in Mediterranean ecosystems, we performed a triennial sampling that included sites with natural vegetation and agricultural fields sampled at two soil depths. We employed a suite of available methodologies, including the Sloan's neutral community model (SNCM) (Sloan et al 2007) , βNTI metric (Stegen et al 2013) , and variation partitioning analysis (VPA) (Peres-Neto et al 2006) to disentangle the importance of neutral and selective processes on microbial community assembly and its inter-annual variation. Subsequently, we quantified the relative contribution of assembly processes and the underlying mechanisms using the βNTI and the modified Raup-Crick (RCBray) metrics . This approach allowed us to address inherent limitations of the existing methods and to reliably infer for the underlying mechanisms of assembly and their importance (Zhou and Ning 2017) . Finally, we interpret variations in the relative contribution of assembly processes over the years and land uses with a central process of ecosystem functioning, the net nitrogen mineralization rate (NMR), to identify potential links between the importance of assembly processes.
Materials and Methods
The Koiliaris CZO watershed is located 25 km on the western part of Crete, Greece (005-12-489E, 039-22-112N). The watershed occupies an area of approximately 130 km 2 with the altitude to range from 0 to 2100 m. In this study three soil samplings were performed on May 10-12, 2012 , May 10-13, 2013 , and May 12-14, 2014 . Representative fields to capture the basic features of the watershed (land, use, crops, latitude) were selected (Supplementary Figure S1 ). Information on the variation of climatic conditions in the watershed during the study period is summarized in Supplementary Figure S2 . Twentytwo composite (three replicates/site) samples were collected from two soil depths; 0-15 (all the years) and 15-30 cm (in 2013 and 2014 samplings) . Samples were passed through a 2mm sieve and were stored on ice packs at 4 o C until their transport to the laboratory. Soil physical (pH, texture), chemical (TOC, TN, NH4 + -N, NO3ˉ-N) and biochemical (NMR) analyses were performed using the methods described in (Tsiknia et al 2014) and are summarized in Supplementary Table S1 . DNA was extracted with the PowerSoil® DNA isolation kit according to the manufacturer's instructions.
Amplification and sequencing of the 16S rRNA gene and data processing
The universal prokaryotic primer set 515f/806r was used to amplify the V4 hypervariable region of the 16S rRNA gene. Amplicon sequencing was performed at a MiSeq Illumina platform at Research & Testing labs (Austin, TX, USΑ). The raw sequences were analyzed using a combination of the UPARSE (Edgar 2013) and the QIIME pipelines. Briefly, raw forward and reverse reads for each sample were assembled into paired-end reads considering a minimum overlapping of 50 nucleotides and a maximum of one mismatch. The paired reads were then quality filtered, and the primer sequences were removed. The UPARSE pipeline was used for OTUs construction and chimeras were removed using both de-novo (Edgar et al. 2011 ) and reference-based (Reddy et al 2015) methodologies. Taxonomy was assigned to the representative sequences of OTUs in QIIME v. 1.8 and singletons were removed from the resulted OTU table before further analysis. Finally, the phylogenetic tree was constructed with the FastTree algorithm using default parameters (Price et al 2010) . Raw sequences have been deposited in the ENA European Read Archive with accession number PRJEB22862. Spearman correlation was used to identify significant links between environmental parameters and α-diversity indices, annually. To quantify the annual variation of soil parameters, the coefficient of variation (temporal CV %) was calculated from the three replicate samples of each site. Permutational multivariate analysis of variance (PERMANOVA; adonis() function, with 999 permutations) was applied separately for each year to both the Bray-Curtis dissimilarity matrix and weighted UniFrac distance matrix, to assess the effect of depth and land use on β-diversity. Distance based redundancy analysis (db-RDA) was applied to visualize β-diversity patterns, with both Bray-Curtis dissimilarity matrix and the weighted UniFrac distance matrix.
α-and β-diversity and statistical analyses

Determining community assembly dynamics
The importance of microbial community assembly processes was evaluated by the Sloan's neutral community model (SNCM) for prokaryotes (Sloan et al 2007) and null modeling (Stegen et al 2012) . The SNCM has been evolved from the Hubbell's neutral community theory (Hubbell 2001) . The relationship of the mean relative abundance and frequency of occurrence of a taxon belonging to a neutral community is described by a beta distribution.
Significant deviations from the SNCM, e.g., more-or less-abundant taxa than predicted, imply communities that are assembled by selective processes or deviations from the mean coefficient of immigration (m). A binomial distribution was also fitted to the above relationship to test whether microbial communities were derived by random sampling. The significance of fit of the neutral and binomial models was compared with the Akaike information criterion (AIC). To fit the SNCM to the data and to estimate model's goodnessof-fit and AIC, we adopted the methodology and the R code developed by Burns et al (2016) . Afterwards, the OTUs were separated into three distinct groups according to the model prediction; OTUs which were as abundant as the model predicted (neutral OTUs), and OTUs which occurred with higher or lower abundance than it was predicted (nonneutral OTUs).
Additionally, we quantified the phylogenetic dispersion of the whole microbial communities and the groups separated by the SNCM to obtain deeper insights on the underlying mechanisms of community assembly. The β-nearest taxon index (βNTI) was used to assess the deviation between the observed and the null β-mean nearest taxon distance (βMNTD) (after 999 randomizations). The latter represents the phylogenetic dispersion of a community dominated by stochastic processes, while any deviation underlines the importance and the homogeneity of selective processes. The null distribution of βMNTD was calculated from random subsampling (999 times) and subsequent pairwise comparisons of the phylogenetic tree of the whole metacommunity, while the observed βMNTD was calculated from pairwise sample comparisons. To confirm the suitability of βMNTD as a β-phylogenetic diversity metric, we first performed a phylogenetic signal test (Stegen et al 2013) to examine whether the 'habitat preferences' of OTUs are more similar at short or large phylogenetic distances. We first calculated the 'habitat preferences' of the OTUs (based on pH, soil moisture, NO3-N, TOC, C/N ratio and clay content) by finding the niche optima of each OTU for each parameter (Fodelianakis et al 2017) and creating a similarity matrix from the resulting table (function vegdist of the vegan package in R, method= "euclidean"). We then created a phylogenetic distance matrix from the phylogenetic tree of the OTUs (function cophenetic of the stats R package) and examined the correlation with the environmental matrix at increasing phylogenetic distance classes (function mantel.correlog of the vegan package in R, Pearson correlation, 999 permutations). We found significant correlations at short phylogenetic distances (Supplementary Figure S3 ), indicating the use of β-MNTD as a phylogenetic metric. To estimate the βΝΤΙ, the null βMNTD was calculated by random subsampling of the phylogenetic tree, and the observed βMNTD was calculated from all pairwise comparisons.
For these analyses, we used the "ses. To quantify the relative contribution of the underlying mechanisms (e.g. selection, drift, dispersal) we adopted the framework developed by . Shortly, the variation in phylogenetic and taxonomic diversity is estimated with the βNTI, and RCBray metrics respectively. Homogeneous selection results in phylogenetically similar communities and, hence, the percentage of homogeneous selection can be estimated as the and soil depths. To perform the analysis, all the spatial scales that could be perceived in the study area were determined by the Principal Coordinates of Neighbor Matrices (PCNM) method (Borcard and Legendre 2002) as it was described in Tsiknia et al (2015) .
The positive PCNM vectors constituted the spatial matrix that was used in VPA. In the following step, the most significant variables were identified with forward model selection, using the ordiR2step() function of the vegan package, separately for the soil variables and for the spatial dataset, and were subsequently used for VPA using varpart() function. All the employed methodologies (SNCM, null modeling, VPA) were run separately for each year, land use, and soil depth to investigate the influence of these factors on the assembly processes of soil microbial community.
Results
Microbial community structure and diversity
Detailed information on the taxonomy of soil microbial communities is presented in Supplementary Figure S4 and text. Mixed-effects ANOVA identified the sampling year as the only factor that affected significantly α-diversity ( Supplementary Table S2 ). Richness (observed OTUs and Chao1) and diversity (InvSimpson) estimators decreased in 2014 compared to 2012 and 2013 ( Supplementary Table S3 ). α-diversity metrics were correlated with several soil variables, but these relationships were inconsistent over the years ( Supplementary Table S4 ). db-RDA of weighted UniFrac distance identified pH, clay content, soil moisture, TOC content, and C:N ratio as the most important drivers of βdiversity, explaining up to 18.6% of total variance (Supplementary Figure S5A) . Similar results were obtained with the Bray-Curtis dissimilarity (Supplementary Figure S5B ).
PERMANOVA on both distances revealed a strong influence of the main factors on β-diversity patterns, with the sampling year to explain a greater proportion of the observed variance than land use and soil depth ( Supplementary Table S5 ).
Importance of assembly processes over the years, soil depths and land uses
The high coefficient of determination of the SNCM (Figure 1) suggests that neutral processes have an important role in microbial community assembly at Koiliaris CZO.
Application of the SNCM separately for each sampling year provided support for shifts in the importance of neutral processes over year (Figure 1a -c) as it could be inferred by the increases of the coefficients of determination and immigration rate (m). The fit of SNCM did not diverge substantially with soil depth or land use (Supplementary Figure S6 and S7) .
In all years, soil depths, and land uses the SNCM outperformed binomial distribution ( Supplementary Table S6 ). Regarding the OTUs partitioned above or below the confidence intervals of the model's prediction, they likely correspond to taxa that are either selected for/against by the prevailing environmental conditions or are dispersal limited (Burns et al 2016) . NMDS analysis of Bray-Curtis dissimilarities and Unifrac distances revealed that the neutral, less frequent than predicted and more frequent than predicted OTUs formed clearly separated clusters (Supplementary Figure S8 ) pointing out to divergent mechanisms of assembly.
To further confirm the importance of neutral processes, we used an alternative metric, the βNTI. The mean βNTI decreased from 3.52 in 2012, a value indicative of the prevalence of selective processes, to -0.15 in 2013, and to -0.17 in 2014 providing further support that neutral processes had an important role in microbial community assembly (Figure 1d ), confirming partially the findings of the SNCM. The βNTI, however, revealed a more important role of neutral processes in microbial community assembly in natural ecosystems than agricultural lands, whereas, similar conclusions were reached for soil depth (Supplementary Figure S9) .
The composition of the whole community and the communities separated by the SNCM changed substantially over the years. We identified 2646 out of the 8227 OTUs (32.2%) that were present all the sampling years (Figure 2) , while significant turnover was also observed for the neutral community, and the less frequent, and more frequent than expected OTUs (Supplementary Figure S10) .
Relative contribution of assembly processes
In the following step, we employed VPA and RCBray methodologies to obtain estimations of the relative contribution of neutral and selective processes on β-diversity patterns of soil bacterial community. The proportion of β-diversity that was purely explained by soil variables decreased from 14% in 2012 to 4% in 2013 and to 2% in 2014 (Figure 3 ; Supplementary Table S7 ), while the corresponding proportion of the spatial variables increased from 5% in 2012 to 14% in 2013 and then decreased to 8% in 2014 ( Figure 3 ).
The shared variation of the soil and spatial variables remained low throughout the study period. The proportion of unexplained variance followed an increasing trend during the study period ( Figure 3 ). This trend remained unchanged independently of soil depth and land use, with most of the variance (71-80%) remaining unexplained (Supplementary Figure S11) , assigning a dominant role on stochastic processes in community assembly. In accordance, the distance-decay plots of Bray-Curtis similarity followed a weak decay pattern all the years (Supplementary Figure S12) . The RCBray framework provided quite different estimations of the relative contribution of neutral and selective processes and their individual mechanisms. More specifically, the relative contribution of selective processes (homogeneous and variable) declined from 68% in 2012 to 50% in 2014 (Table 1) . Interestingly, this decrease was accompanied by a shift of the contribution of variable selection in favor of homogeneous selection. The observed pattern did not change substantially with soil depth ( Supplementary Table S8 ), but significant differentiations were found between land uses with the relative contribution of variable selection to be greater in agricultural lands compared to natural ecosystems ( Supplementary Table S8 ).
Links between Assembly Processes and Functional Process rates
To test for links between functional process rates and relative contribution of assembly processes, we monitored NMR. The NMR showed high variation between sites and years, particularly in the upper soil layer (Supplementary Figure S13) and was not correlated significantly with any of the soil variables monitored in the study. To obtain insights on the potential links between shifts in microbial community structure and NMR, we employed the βNTI metric. Shifts in βNTI are driven principally by variations in the selective environment and to a lesser extent by neutral processes, like dispersal (Stegen et al 2016) . Despite the variation of NMR between sites, no significant relationship was found with βNTI and that effect was independent of year, soil depth, or land use (Figure 4 ; Supplementary Figures 14 and 15 ). Regarding the relationships of NMR with individual taxa, a few significant correlations were set and only at a high taxonomic level (Phylum or Class) ( Supplementary Table S9 ). These relationships were, however, highly variable between land uses, sampling years and soil depths implying probably spurious and/or indirect relationships. These findings strengthen the assumption that stochastic processes have a more important role than environmental selection in shaping soil microbial communities in that Mediterranean watershed. That, in turn, uncoupled processes rates from environmental variables and shifts in soil microbial community structure.
Discussion
Employing different conceptual approaches (neutral theory, null modeling, VPA), we provide convergent support that neutral processes have an important role in the assembly of soil microbial communities in a typical Mediterranean watershed. This finding is consistent with earlier work in Koiliaris CZO that has revealed weak links between environmental variables and the abundance of bacterial phyla (Tsiknia et al 2014) .
The high coefficients of determination and immigration estimated by the SNCM provide evidence for an important role of neutral processes (Burns et al., 2016) , that is well aligned to the findings obtained by VPA. Both methodologies, however, suffer from biased estimations in favor of neutral processes. In the case of SNCM this arises from the indirect estimation of parameters by optimizing model fitting to microbial community data (Sloan et al 2007) . For instance, empirical studies in specialized environments (e.g., bioreactors) have assigned an unexpectedly high importance to neutral processes (Ayarza and Erijman 2011 , Ofiţeru et al 2010 , Zhou et al 2013 . In the case of VPA the overestimation of neutral processes arises from the non-consideration of unmeasured environmental variables or biotic interactions (Smith & Lundholm, 2010) . By contrast, the framework developed by revealed a milder contribution of stochastic processes that eventually reached and exceeded that of selective processes in the 2 nd and 3 rd sampling years, respectively. This framework has been used in several studies providing realistic findings.
Temporal shifts in the relative contribution of assembly processes
To date, temporal shifts in the importance of microbial assembly processes have been documented intra-seasonally in soils recovering from fire disturbance (Ferrenberg et al 2013) or in soils at different stages of succession (Dini-Andreote et al 2015) . This is the first study to document strong inter-annual variations in the relative contribution of assembly processes in the soils of a Mediterranean watershed. Since the watershed has not recently experienced severe disturbances (e.g., fires, land use change, droughts), the observed shifts have likely arisen by variations of climatic factors which, in turn, have affected the strength of individual mechanisms of assembly (e.g., dispersal, drift, selection) in the soils. A similar temporal trend has been reported in lakes, where the importance of neutral processes increased over a triennial period and that trend was accompanied by an increase in immigration coefficient (Roguet et al 2015) .
In addition, the βNTI and RCBray framework allowed us to get insights into the shifts of individual mechanisms of assembly. The remarkable decrease in the contribution of variable selection in the 2 nd and 3 rd year, partially in favor of homogenizing selection, likely imply intensification of the influence of environmental variables (e.g., temperature and/or soil moisture) that favor the latter. Such an effect could have outweighed the influence of spatial variations in soil properties (texture, pH, SOM) or management practices that are responsible for variable selection (Rousk et al 2010) . This explanation is consistent with the greater contribution of homogeneous selection in natural ecosystems that are concentrated at the upper part of the watershed ( Figure S1 ) and are characterized by lower heterogeneity of environmental and biotic factors (e.g., vegetation type, soil properties) compared to agricultural fields. The role of dispersal in community assembly remains, however, obscure due to the quite variable estimations obtained by the different methodologies. A strong influence of dispersal, as it could be inferred by the SNCM, would have overcome the effect of weak selection and have resulted in homogenized microbial communities (Evans et al 2017 , Leibold et al 2004 . The milder dispersal rates that have been estimated by the Stegen et al. (2015) framework and acted bidirectionally (dispersal limitation and homogenizing dispersal; Table 1 ) appear to provide more realistic estimations considering the observed spatial patterns of microbial communities as well as the geomorphology of the watershed (Nerantzaki et al 2015) . The high inter-annual turnover of microbial communities provides some evidence that the sources of dispersal extend beyond the boundaries of watershed. Wind erosion and African dust events that commonly occur in Mediterranean basin (Polymenakou et al 2008) could be important external sources of bacteria with a strong impact on the structure of soil bacterial communities .
Interannual turnover of soil microbial communities
Microbial communities tend to approach a stable state after ecosystem succession and in absence of severe disturbance events (Chase 2003 , Fukami 2015 , but such a trend was not observed at Koiliaris CZO. The seasonal shifts in precipitation, temperature and availability of resources (birch effect) (Placella et al 2012) during the summertime likely act as disturbing agents of soil microbial communities by decreasing the abundance, diversity, and activity of microbial communities (Ma et al 2015 , Maestre et al 2015 in Mediterranean landscapes. The re-wetting of soils in autumn relieves the imposed constraints to microorganism growth and activity initiating, thus, new rounds of microbial community assembly. Considering the stochastic nature of immigration (magnitude and timing) and ecological drift, they likely had a prominent effect on the divergence of soil microbial community from year to year as has been reported in earlier works (Fukami 2015) . Particularly in absence of strong selection filters, as it has been found in Koiliaris CZO, the influence of immigration and ecological drift is strengthened (Nemergut et al 2013) and might have stimulated the observed high inter-annual compositional turnover of microbial communities.
Assembly processes and ecosystem functioning
A fundamental question that arises from the inter-annual turnover of microbial communities and the importance of neutral processes of assembly regards their impacts on ecosystem functioning. Dominance of neutral processes in the hyporheic zone of a riverine system resulted in highly variable rates of respiration (Stegen et al 2016) . Likewise, divergence of microbial communities in pilot bioreactors, driven by neutral processes, differentiated strongly the performance of bioreactors (Zhou et al 2013) . These findings are consistent with the highly variable rates of NMR that were measured in this study over the years and the lack of significant correlation between NMR and any of the soil variables monitored, independently of land use or soil depth. In accordance, environmental variables could explain only a small proportion of the observed variance in litter decomposition rate which however, was significantly linked to soil microbial biomass (Bradford et al 2017) .
A few significant relationships between NMR and microbial taxa were set in this study mainly at high taxonomic level. These relationships, however, were quite variable over the years and between land uses and soil depths likely reflecting the high turnover of microbial communities and their spatial variability. These findings challenge earlier suggestions that inclusion of information for microbial communities assembled by neutral processes is necessary to obtain improved predictions of ecosystem functioning (Ferrenberg et al 2013) .
By providing quantifications of the relative contribution of neutral processes in microbial community assembly, we advance existing knowledge and show that even mild contribution of neutral processes, up to 30%, can generate high variability in process rates increasing the uncertainty of model simulations. These findings have profound implications on the adoption of appropriate management practices and on their effectiveness in the severely degraded soils of the Mediterranean watersheds (Moraetis et al 2015) . Despite the growing concern in maintaining/improving soil health by managing microbial communities (Wallenstein 2017 , Wubs et al 2016 , the great compositional turnover of microbial communities questions the success of this practice in Mediterranean ecosystems. A more comprehensive understanding is urgently needed on the feedbacks between environmental drivers and assembly processes, the critical thresholds of neutral processes that increase variation of process rates, and the impact of agricultural practices on the balance of assembly processes to improve the potential for "engineering" soil microbial communities and to maintain them in the long-term.
Conclusions
The present study advances our understanding on the processes driving the assembly of microbial communities in Mediterranean ecosystems. The data provides support that neutral processes have an important role on the assembly of bacterial communities with variable, however, contribution over the years. Dispersal, either limiting or homogenizing, has been identified as a strong driver of microbial community assembly. The importance of neutral processes in combination with environmental conditions (weak environmental selection) are likely the main drivers that stimulate the high inter-annual turnover of soil microbial communities. The highly variable rates of NMR between years, sites, and land uses, used as a proxy of soil functioning, were not correlated with any of the environmental variables monitored in the study and likely reflect the stochasticity in microbial community assembly. Considering the accumulating evidence for intense climatic changes in the Mediterranean (drought frequency, temperature increase, precipitation patterns), these findings raise critical questions about soil functioning, like their response to environmental shifts, their resilience to disturbances and our ability to reliably simulate soil functioning with conventional biogeochemical models that only implicitly consider the role of microbial communities. However, inclusion of microbial communities in models appears to be a challenging task since strong relationships were only set at high taxonomic levels and theses relationships changed between years, land use and soil depths. These findings underline the need for additional studies to advance our understanding on the complex interactions between microbial community assembly processes, environmental variables and microbial community properties and on their effect on key ecological processes (e.g., C and N cycling) providing a basis for the development of soil adaptation practices to secure the sustainable use of soils and maintain their productivity in the long-term.
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